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Plane metal component 

Technical area 

The present invention relates to a plane metal component with an outer side that is exposed to sunlight and that also 
reflects more sunlight for darker coloring than typical coloring and with an inner side which has low emissivity in 
the wavelength range of the heat radiation. This type of planar component is used in applications as a roof or wall 
element, especially for animal stables or warehouses, which are mostly not further heat insulated. Through the 
lower solar absorption of the outer coating and through the low emissivity of the inner coating, less heat is 
transported into the inside space and a better room climate is established. In winter, a portion of the heat generated 
in the room is reflected back into the room by the inner coating that has low emissivity. 

State of the art 



Commonly, the sheet metal roofs and wall elements of rural buildings such as animal stables or of warehouses are 
mamtained in darker colors. Specifically, in the United States of America, where animal and horse stables 
constructed out of steel sheet metal elements are very common, especially in the south, the roofs have mostly the 
colors brick red, blue, green and gray. 

Although a white tone of the building would be substantially more efficient, in regards to the solar absorption, at 
least at the beginning, this does not meet the taste of the people, because everyone knows that the white color' 
becomes gray after a short time through soiling. On the other hand, there are also military equipment sheds and 
warehouses that have to be maintained in dark colors so that they can be camouflaged. 

Particularly for animal stables, the darker colors have a very negative effect. In summer the animals have to be 
cooled with fans and partially even with sprinkler systems. In winter it can even become very cold in such southern 
states as Texas. Naturally, insulating the buildings would be a good solution, however, also a very expensive 
solution, because these buildings are often very large. 

In the German patent DE 198 49 330 a planar thermal insulating element is reported that can be used as, for 
example, sunshade blinds. This thermal insulating element also has a sun-repelling side and a low emissivity side. 
A disadvantage here is that the coatings described there cannot be applied to metal, because the metal would corrode 
after too short of a time. A further disadvantage is that titanium dioxide is employed in the sun-repelling coating. 
Because titanium dioxide has strong absorption bands in the UV region, up to 15% of the solar energy in this 
wavelength region is absorbed. 

The objective of the present invention is to prepare planar metal components that are colored on the outside such 
that they correspond to the aesthetic standard of the end-user, and correspondingly, for military objects that their 
colors meld into the color of the landscape, which however, in spite of the darker color, absorb less sunlight than the 
conventional pigments. Moreover, it is the objective of the present invention to create the inner side of the planar 
components such that they radiate less heat into the inner rooms and during the night or in the winter they reflect 
back into the inner room a part of the heat generated in the inner room. This is solved in an inventive manner by a 
planar metal component that has the following features: 

a. Its first, outer surface is equipped with a first coating that protects the metal from corrosion and reflects on 
average 60% of the sunlight in the wavelength range from 320 to 1200 nm. 

b. Its first, outer surface is equipped with a second coating which has less than 60%, on average, reflection in the 
wavelength range of visible light, from 400 to 700 nm, and has more than 60%, on average, reflection in the 
wavelength range of the near-infrared, from 700 to 1200 nm 

c Its second, inner surface is equipped with a first coating that protects the metal from corrosion 
d. Its second, inner surface is equipped with a second coating that has low emissivity in the wavelength range of 
the thermal infrared, from 5 to 25 pm, and has emissivity less than 0.75. 

Advantageous further developments of the inventive idea resulted in the dependent claims. One advantageous 
further development of the inventive idea is given in that the first coating of the first, outer surface reflects on 
average 70% of the sunlight in the wavelength range from 320 to 1200 nm. 

An advantageous further development of the inyentive idea is given in that the second coating of the first, outer 
surface has less than 50% reflection, on average, in the wavelength range of visible light, from 400 to 700 nm. 
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An advantageous further development of the inventive idea is given in that the second coating of the first, outer 
surface has more than 70% reflection, on average, in the wavelength range of the near-infrared, from 700 to 1200 
nm. 

Another further advantageous development of the inventive idea is given in that the second coating of the second, 
inner surface has an emissivity of less than 0.65 in the wavelength range of 5 to 25 |im. 

It is a further advantageous development of the inventive idea that the binder of the coating is chosen from the group 
of the solvent-containing binders which comprises acrylates, styrene-acrylates, polyvinyls, polystyrene and styrene 
copolymers, alkyd resins, saturated and unsaturated polyesters, hydroxide functional polyesters, melamine- 
formaldehyde resins, polyisocyanate resins, polyurethanes, epoxy resins, fluoropolymers and silicones, 
chlorosulfonated polyethylene, fluorinated polymers, fluorinated acrylic copolymer, fluorosilicones, plastisoles, 
PVDF and mixtures thereof, and selected from the group of the aqueous binders which comprises the group of the 
water soluble binders of alkyds, polyesters, polyacrylates, epoxies and epoxy esters, from the group of the aqueous 
dispersions and emulsions which comprises dispersions and emulsions based on acrylate, styrene-acrylate, ethylene- 
acrylic acid copolymers, methacrylate, vinyl pyrollidone-vinyl acetate copolymers, polyvinyl pyrrolidone, 
polyisopropylacrylate, polyurethanes, silicone, wax dispersions based on polyethylene, polypropylene, Teflon, 
synthetic waxes, fluorinated polymers, fluorinated acrylic copolymers in aqueous solution, fluorosilicones and 
mixtures thereof. 

A further advantageous development of the inventive idea is given in that corrosion protection pigments are selected 
for the first coating of the first, outer surface, said pigments are transparent in the wavelength range of sunlight, 
from 400 to 1200 nm, and whose particle size is chosen such that they have back scattering greater than 60%, on 
average, in the wavelength range of sunlight from 320 to 1200 nm. 

An advantageous further development of the inventive idea is given in that the corrosion protection pigments are 
chosen from the group of the white corrosion protection pigments, especially chosen from calcium-zinc-molybdate 
compounds, and chosen from strontium-zinc-phosphorus silicate compounds. 

An advantageous further development of the inventive idea is given in that the particle size of the white corrosion 
protection pigments lie between 1 and 3 nm. 

Another advantageous further development of the inventive idea is given in that the first white pigments and fillers 
for the first coating of the first, outer surface are chosen from the group of the inorganic white pigments and fillers, 
chosen from the group of the metal oxides, especially zirconium oxide, and chosen from the group of the metal 
sulfates, the metal sulfides, the metal fluorides, the metal silicates, the metal carbonates and mixtures thereof 

An advantageous further development of the inventive idea is given in that the first white pigments and fillers are 
chosen from the group of the degradable materials, chosen from calcium carbonate, magnesium carbonate, 
zirconium silicate, aluminum oxide, barium sulfate and mixtures thereof. 

An advantageous further development of the inventive idea is given in that the first color pigments for the second 
coating of the first, outer surface are chosen from the group of the organic pigments that absorb in the wavelength 
range of visible light from 400 to 700 nm, selectively in the spectrum and have a transmission level greater than 
60%, on average, in the wavelength range of the near-infrared from 700 to 1200 nm. 

An advantageous further development of the inventive idea is given in that the first color pigments have a 
transmission level of greater than 70%, on average, in the wavelength range of the near-infrared from 700 to 1200 
nm. 

An advantageous further development of the inventive idea is given in that the first color pigments are chosen from 
the group of the azo-pigments, chosen from monoazo pigments, diazo pigments, P-naphtol pigments, naphtol AS 
pigments, lacquer azo pigments, benzimidazolone pigments, diazo condensation pigments, metal complex 
pigments, isoindolinone pigments and isoindoline pigments, and chosen from the group of the polycyclical 
pigments, selected from phthalocyanine pigments, quinacridone pigments, perylene and perinone pigments, 
thioindigo pigments, anthraquinone pigments, anthrapyrimidine pigments, flavanthrone pigments, pyranthrone 
pigments, anthanthrone pigments, dioxazine pigments, triarylcarbonium pigments, quino-phthalone pigments, 
diketopyrrolo pyrrol pigments. 
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Another advantageous further development of the inventive idea is given in that the second color pigments for the 
second coating of the first, outer surface are selected from the group of the inorganic pigments which absorb in the 
wavelength range of visible light, from 400 to 700 run, selectively in the spectrum and have a reflection level, on 
average, greater than 50% in the wavelength range of the near-infrared from 700 nm to 1200 nm. 

An advantageous further development of the inventive idea is given in that the second inorganic color pigments have 
greater than 60%, on average, reflection in the wavelength range of the near-infrared from 700 to 1200 nm. 

An advantageous further development of the inventive idea is given in that the second inorganic color pigments are 
chosen from the group of the metal oxide and metal hydroxides, especially from the iron oxides, and from cadmium, 
bismuth, chromium, ultramarine and vivianite pigments, and from the group of the rutile and spinel mixed phase 
pigments and from the group of the coated, platelet mica pigments. 

An advantageous further development of the inventive idea is given in that for the second coating of the second, 
inner surface platelet metal pigments are chosen that have a reflection level, on average, of 60% in the wavelength 
range of the thermal infrared from 3 to 50 ^im. 

Another advantageous further development of the inventive idea is given in that the platelet pigments are selected 
from aluminum, iron, steel, brass, copper, silver-plated copper and nickel. 

An advantageous further development of the inventive idea is given in that the largest linear dimension of the 
platelet pigments lie between 25 and 50 nm. 

An advantageous further development of the inventive idea is given in that for the second coating of the second, 
inner surface second white pigments and fillers are chosen that have a transmission level greater than 50%, on 
average, in the wavelength range of the thermal infrared, from 3 to 50 ^m, at least, however, from 5 to 25 ^m. 

Another advantageous further development of the inventive idea is given in that the second white pigments and 
fillers are chosen from zinc sulfide, zinc oxide, calcium carbonate and from the group of polymeric pigments. 

An advantageous further development of the inventive idea is given in that the reflection of the first, outer surface 
increases steeply in the near-infrared range after 700 nm and is greater than 60% at 800 to 1000 nm. 

Figures 

Figure 1 shows a cut through the planar metal component, where here 

1 is the first coating of the first, outer surface 

2 is the second coating of the first, outer surface 

3 is the first coating of the second, inner surface 

4 is the second coating of the second, inner surface 

5 is the metal substrate 

Figures 2 to 5 show curves of the semi-spherical back scattering for the coating examples represented in the 
examples 1 to 4, measured with a Spectrometer from the Avantes company, with a spectral sensitivity from 320 to 
1 100 nm and with an Ulbricht spherical photometer attached to this. 

The invented article is explained more closely in the following through the examples. 

Example 1 

An inventive corrosion protection layer (Figure 1 (1)) was fabricated according to the following recipe: 

70.00 g polyester coating LT COVB MLS from the Temme company, Nuremberg 
10.00 g Moly White 212 white corrosion protection pigment, Brenntag company 
40.00 g Ferro PK 0032 white pigment from the Ferro company 
2. 1 0 g Geoxyd curative MEKP 50 S, from the Temme company, Nuremberg 
10.00 g acetone 
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The mixture was coated on a 0.7mm thick galvanized steel metal sheet. After hardening, the coating thickness was 
about 25 nm. The spectral reflection of the coating on the steel metal sheet was measured in the wavelength range 
of the UV from 320 to 400 nm. The results are represented in Figure 2, curve (1). Curve (2) shows the reflection of 
a commercially available corrosion protection primer. The reflection is significantly lower in the UV range. In 
Figure 3 the spectral reflection of the invented corrosion protection layer is represented as curve (1) and the spectral 
reflection of the commercially available material is shown in curve (2) in the wavelength range from 400 to 980 nm. 
Also in this wavelength range the reflection of the invented coating is significantly higher, which means that also 
more sunlight is reflected. 



Example 2 

A dark-red cover-coat (Figure 1 (2)) was fabricated according to the following recipe: 

60.00 g Maincote HG-54K, Rohm and Haas company 
0.20 g defoamer Byk 024 
0.40 g pigment disperser N from BASF 
10.00 g Blanc Fixe Mikro from the Sachtleben company 
20.00 g Zirconium silicate super fine from the Wema company, Nuremberg 
3.00 g calcium carbonate Duramite 
2.70 g black tone mixture made of 

40.00 g water 

40.00 g butylglycol 

20.00 g Paliogen Schwarz L0086 BASF 
6.20 g Ecopaque Echtrot 13 327 from the Heubach company 
2.00 g Hostafine Rot P26L from Clariant 
0.50 g Aerosil 380 thickener from Degussa 

The dark-red cover-coat was applied on the side of the metal sheet which was previously coated with the corrosion 
protection layer introduced in example 1. After drying, a layer thickness of 30 ^m was established. 



The plate was spectrally measured in the wavelength range from 400 to 980 nm. The measurement results are 
shown in Figure 4. There, curve (1) shows the spectral reflection of the invented, dark-red cover-coat and curve (2) 
shows the spectral reflection of a commercially available, dark-red cover-coat from the Barloworld Coatings 
company, Australia, which was also measured as a comparison. Both plates were laid on a 4mm thick Styrofoam 
plate and exposed to the sun's radiation for 96,000 lux. The inventively coated plate heated up to 48°C and the plate 
with the commercially available, dark-red coating heated up to 64°C. 



Example 3 

A corrosion protection primer (Figure 1 (3)) for the under side of the plate was fabricated according to the following 
recipe: 



70.00 g polyester coating LT COVB MLS of theTemme company, Nuremberg 
15.00 g Sachtolith HD-S from the Sachtleben company 
12.00 g zinc flakes fine grade from Novamet 
4.00 g zinc chromate powder 

2.10 g Geoxyd curative MEKP 50S, from the Temme company Nuremberg 
10.00 g acetone 

The primer was applied to the back side of the plate described in example 2. The coating thickness of the corrosion 
protection coating was around 10 |im in the cured condition. 



A lower emissivity coating (Figure 1 (4)) was manufactured according to the following recipe: 

70.00 g polyester coating LT COVB MLS of the Temme company, Nuremberg 

25.00 g Sachtolith HD-S of the Sachtleben company 

20.00 g Hydrolux reflexal 100 aluminum platelets from Eckart 

2. 10 g Geoxyd curative MEKP 50S, from the Temme company, Nuremberg 

10.00 g acetone 
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The coating was applied onto the plate described in example 2 onto the primer from example 3. The spectral 
reflection of the coating was measured with a Nicolet Magna 550 IR under an Ulbricht sphere in the wavelength 
range from 2.5 to 25 ^m. The measurement results were compared to a calculated black body at room temperature 
293 Kelvin. An emissivity of 0.68 resulted 

The plate was laid in a frame together with the comparative plate from example 2 such that the under side of both 
plates was free and the upper side was exposed to the sun. The under side of the comparative plate was coated with 
a commercially available, white interior paint. Both under sides were measured without contact by a TASCO type 
ray thermometer. At 96,000 lux of the sun's radiation the temperature of the comparative plate was at 62°C and for 
the plate coated in an inventive manner it was 43°C. 

Example 4 

A gray cover-coat (Figure 1 (2)) was produced according to the following recipe: 

70.00 g polyester coating LT COVB MLS from the Temme company, Nuremberg 
60.00 g Ferro PK 0032 white pigment from the Fenro company 

1.00 g Paliogen black L0086 from BASF 

1 .00 g Shepherd blue 3 from the Shepherd company 

1 .00 g Ecopaque Echtrot 13 327 from Heubach 

2. 1 0 g Geoxyd curative MEKP 50S from the Temme company 

10.00 g acetone 

The gray cover-coat was applied onto the corrosion protection layer described in example 1 which is on a metal 
plate and after curing was spectrally measured in the wavelength range 400 to 980 nm. In comparison to this here a 
metal plate was measured that was equipped with a gray cover-coat, descried as being "reflective", said metal plate 
was provided by the steel company Dofasco Hamilton, ON, Canada. The measurement results are represented in 
Figure 5. Here, the curve (1) represents the spectral reflection from the invented coating and curve (2) represents the 
one from the comparative plate. 

The back side of the plate coated in an inventive manner was coated with the corrosion protection primer described 
m example 3. A low emissivity coating was applied onto this primer, said coating was fabricated according to the 
following recipe: 

14.00 g Mowilith DM 61 1 from the Hoechst company 
12.00 g Acronal 296D from BASF 
14.00 g Ropaque OP96 from Rohm and Haas 
0.20 g defoamer Byk 024 
0.40 g pigment disperser N BASF 
24.00 g Sachtolith L from the Sachtleben company 
12.00 g water 

1 3 .00 g Hydrolux Reflexal 1 00 from Eckart 
4.00 g butylglycol 

The inventively coated metal plate was sent to the Measurement Institute Bodycote Materials Testing Canada Inc., 
where it was measured in comparison to a metal plate coated with commercially available, gray cover-coat. 

Following values were determined: 



Sample 


Exterior emissivity 


Solar absorption 


Interior emissivity 


Example 4 gray 


0.89 


0.41 


0.55 


Standard gray 


0.87 


0.84 1 


0.89 



The plates were exposed to the rays of a sun simulator with a power intensity of 862 W/m 2 . The heating up of the 
plates was each measured with a thermocouple attached to the plates. The metal plate with the standard gray coating 
heated up to 68.0°C, the metal plate with the invented coating heated up to 52.8°C. 



Patent claims 



1 . Plane metal component is characterized in that 

a) its first, outer surface is equipped with a first coating that protects the metal from corrosion and reflects on 
average 60% of the sunlight in the wavelength range from 320 to 1200 nm. 

b) its first, outer surface is equipped with a second coating which has less than 60%, on average, reflection in the 
wavelength range of visible light, from 400 to 700 nm, and has more than 60%, on average, reflection in the .. 
wavelength range of the near-infrared, from 700 to 1200 nm 

c) its second, inner surface is equipped with a first coating that protects the metal from corrosion 

d) its second, inner surface is equipped with a second coating that has low emissivity in the wavelength range of 
the thermal infrared, from 5 to 25 nm, and has emissivity less than 0.75. 

2. Plane metal component, according to claim 1 is characterized in that the first coating of the first, outer surface 
reflects on average 70% of the sunlight in the wavelength range from 320 to 1200 nm. 



3. Plane metal component, according to claim 1 is characterized in that the second coating of the first, outer 
surface has less than 50% reflection, on average, in the wavelength range of visible light, from 400 to 700 nm. 



4. Plane metal component, according to claim 1 is characterized in that the second coating of the first, outer 
surface has more than 70% reflection, on average, in the wavelength range of the near-infrared, from 700 to 
1200 nm. 

5. Plane metal component, according to claim 1 is characterized in that the second coating of the second, inner 
surface has an emissivity of less than 0.65 in the wavelength range of 5 to 25 jam, 

6. Plane metal component, according to claim 1 is characterized in that the binder of the coating is chosen from the 
group of the solvent-containing binders which comprises acrylates, styrene-acrylates, polyvinyls, polystyrene 
and styrene copolymers, alkyd resins, saturated and unsaturated polyesters, hydroxide functional polyesters, 
melamine-formaldehyde resins, polyisocyanate resins, polyurethanes, epoxy resins, fluoropolymers and 
silicones, chlorosulfonated polyethylene, fluorinated polymers, fluorinated acrylic copolymer, fluorosilicones, 
plastisoles, PVDF and mixtures thereof, and selected from the group of the aqueous binders which comprises 
the group of the water soluble binders of alkyds, polyesters, polyacrylates, epoxies and epoxy esters, from the 
group of the aqueous dispersions and emulsions which comprises dispersions and emulsions based on acrylate, 
styrene-acrylate, ethylene-acrylic acid copolymers, methacrylate, vinyl pyrollidone-vinyl acetate copolymers, 
polyvinyl pyrrolidone, polyisopropylacrylate, polyurethanes, silicone, wax dispersions based on polyethylene, 

* polypropylene, Teflon, synthetic waxes, fluorinated polymers, fluorinated acrylic copolymers in aqueous 
solution, fluorosilicones and mixtures thereof. 



7. Plane metal component, according to claims 1 and 2 is characterized in that corrosion protection pigments are 
selected for the first coating of the first, outer surface, said pigments are transparent in the wavelength range of 
sunlight, from 400 to 1200 nm, and whose particle size is chosen such that they have back scattering greater 
than 60%, on average, in the wavelength range of sunlight from 320 to 1200 nm. 



8. Plane metal component, according to claims 1, 2 and 7 is characterized in that the corrosion protection pigments 
are chosen from the group of the white corrosion protection pigments, especially chosen from calcium-zinc- 
molybdate compounds, and chosen from strontium-zinc-phosphorus silicate compounds. 

9. Plane metal component, according to claims 1, 2, 7 and 8 is characterized in that the particle size of the white 
corrosion protection pigments lie between 1 and 3 nm. 
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10. Plane metal component, according to claims 1 and 2 is characterized in that the first white pigments and fillers 
for the first coating of the first, outer surface are chosen from the group of the inorganic white pigments and 
fillers, chosen from the group of the metal oxides, especially zirconium oxide, and chosen from the group of the 
metal sulfates, the metal sulfides, the metal fluorides, the metal silicates, the metal carbonates and mixtures 
thereof. 



11. Plane metal component, according to claims 1, 2 and 10 is characterized in that the first white pigments and 
fillers are chosen from the group of the degradable materials, chosen from calcium carbonate, magnesium 
carbonate, zirconium silicate, aluminum oxide, barium sulfate and mixtures thereof. 



12. Plane metal component, according to claims 1, 3 and 4 is characterized in that the first color pigments for the 
second coating of the first, outer surface are chosen from the group of the organic pigments that absorb in the 
wavelength range of visible light from 400 to 700 nm, selectively in the spectrum and have a transmission level 
greater than 60%, on average, in the wavelength range of the near-infrared from 700 to 1200 nm. 



13. Plane metal component, according to claims 1, 3, 4 and 12 is characterized in that the first color pigments have 
a transmission level of greater than 70%, on average, in the wavelength range of the near-infrared from 700 to 
1200 nm. 



14. Plane metal component, according to claims 1, 3, 4, 12 and 13 is characterized in that the first color pigments 
are chosen from the group of the azo-pigments, chosen from monoazo pigments, diazo pigments, P-naphtol 
pigments, naphtol AS pigments, lacquer azo pigments, benzimidazolone pigments, diazo condensation 
pigments, metal complex pigments, isoindolinone pigments and isoindoline pigments, and chosen from the 
group of the polycyclical pigments, selected from phthalocyanine pigments, quinacridone pigments, perylene 
and perinone pigments, thioindigo pigments, anthraquinone pigments, anthrapyrimidine pigments, flavanthrone 
pigments, pyranthrone pigments, anthanthrone pigments, dioxazine pigments, triarylcarbonium pigments, 
quino-phthalone pigments, diketopyrrolo pyrrol pigments. 



15. Plane metal component, according to claims 1, 3 and 4 is characterized in that the second color pigments for the 
second coating of the first, outer surface are selected from the group of the inorganic pigments which absorb in 
the wavelength range of visible light, from 400 to 700 nm, selectively in the spectrum and have a reflection 
level, on average, greater than 50% in the wavelength range of the near-infrared from 700 nm to 1200 nm. 



16. Plane metal component, according to claims 1, 3, 4 and 15 is characterized in that the second inorganic color 
- pigments have greater than 60%, on average, reflection in the wavelength range of the near-infrared from 700 to 
1200 nm. 



17. Plane metal component, according to claims 1, 3, 4, 15 and 16 is characterized in that the second inorganic 
color pigments are chosen from the group of the metal oxide and metal hydroxides, especially from the iron 
oxides, and from cadmium, bismuth, chromium, ultramarine and vivianite pigments, and from the group of the 
rutile and spinel mixed phase pigments and from the group of the coated, platelet mica pigments. 

18. Plane metal component, according to claims 1 and 5 is characterized in that for the second coating of the 
second, inner surface platelet metal pigments are chosen that have a reflection level, on average, of 60% in the 
wavelength range of the thermal infrared from 3 to 50 nm. 



19. Plane metal component, according to claims 1, 5 and 18 is characterized in that the platelet pigments are 
selected from aluminum, iron, steel, brass, copper, silver-plated copper and nickel. 
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20. Plane metal component, according to claims 1,5, 18 and 19 is characterized in that the largest linear dimension 
of the platelet pigments lie between 25 and 50 |im. 

21. Plane metal component, according to claims 1 and 5 is characterized in that for the second coating of the 
second, inner surface second white pigments and fillers are chosen that have a transmission level greater than 
50%, on average, in the wavelength range of the thermal infrared, from 3 to 50 urn, at least, however, from 5 to 
25 ^im. 



22. Plane metal component, according to claims 1, 5 and 21 is characterized in that the second white pigments and 
fillers are chosen from zinc sulfide, zinc oxide, calcium carbonate and from the group of polymeric pigments. 

23. Plane metal component, according to claim 1 is characterized in that the reflection of the first, outer surface 
increases steeply in the near-infrared range after 700 nm and is greater than 60% at 800 to 1000 nm. 
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Fig. 1 
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